Prospective studies of lifestyle and non-Hodgkin lymphoma (NHL) are conflicting, and some are inconsistent with case-control studies. The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial was used to evaluate risk of NHL and its subtypes in association with anthropometric factors, smoking, and alcohol consumption in a prospective cohort study. 2 ) at ages 20 and 50 years and at baseline was associated with increased NHL risk (P trend < 0.01 for all; e.g., for baseline BMI 30 vs. 18.5-24.9, hazard ratio ¼ 1.32, 95% confidence interval: 1.13, 1.54). Smoking was not associated with NHL overall but was inversely associated with follicular lymphoma (ever smoking vs. never: hazard ratio ¼ 0.62, 95% confidence interval: 0.45, 0.85). Alcohol consumption was unrelated to NHL (drinks/week: P trend ¼ 0.187). These data support previous studies suggesting that BMI is positively associated with NHL, show an inverse association between smoking and follicular lymphoma (perhaps due to residual confounding), and do not support a causal association between alcohol and NHL.
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Prospective studies of lifestyle and non-Hodgkin lymphoma (NHL) are conflicting, and some are inconsistent with case-control studies. The Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial was used to evaluate risk of NHL and its subtypes in association with anthropometric factors, smoking, and alcohol consumption in a prospective cohort study. Lifestyle was assessed via questionnaire among 142,982 male and female participants aged 55-74 years enrolled in the PLCO Trial during 1993-2001. Hazard ratios and 95% confidence intervals were calculated using Cox proportional hazards regression. During 1,201,074 person-years of follow-up through 2006, 1,264 histologically confirmed NHL cases were identified. Higher body mass index (BMI; weight (kg)/ height (m) 2 ) at ages 20 and 50 years and at baseline was associated with increased NHL risk (P trend < 0.01 for all; e.g., for baseline BMI 30 vs. 18.5-24.9, hazard ratio ¼ 1.32, 95% confidence interval: 1.13, 1.54). Smoking was not associated with NHL overall but was inversely associated with follicular lymphoma (ever smoking vs. never: hazard ratio ¼ 0.62, 95% confidence interval: 0.45, 0.85). Alcohol consumption was unrelated to NHL (drinks/week: P trend ¼ 0.187). These data support previous studies suggesting that BMI is positively associated with NHL, show an inverse association between smoking and follicular lymphoma (perhaps due to residual confounding), and do not support a causal association between alcohol and NHL. alcoholic beverages; anthropometry; body height; body mass index; body weight; life style; lymphoma; nonHodgkin; smoking Abbreviations: CI, confidence interval; CLL, chronic lymphocytic leukemia; HR, hazard ratio; NHL, non-Hodgkin lymphoma; PLCO, Prostate, Lung, Colorectal, and Ovarian; SLL, small lymphocytic lymphoma.
Non-Hodgkin lymphomas (NHL), a heterogeneous group of malignant neoplasms arising in lymphoid cells throughout the body, represent the sixth most common cancer in the United States (1) . Diffuse large B-cell lymphoma, follicular lymphoma, chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL), and plasma cell neoplasms are the most common NHL subtypes (1) . NHL incidence and mortality increased steadily during the last half of the 20th century in the United States, with rates approximately doubling in both sexes during this time (1) (2) (3) . The ageadjusted (2000 US standard population) incidence of NHL in the United States during 2006 was 29.9 per 100,000 person-years (4) . The rise in NHL rates was not entirely explained by the acquired immunodeficiency syndrome epidemic, changes in coding practices, or changes in NHL detection and diagnosis (2) . The strongest known risk factors for NHL, infectious agents and immune system dysfunction, account for only a small proportion of cases (2) .
Previous research suggests that NHL is associated with obesity, cigarette smoking, and alcohol consumption, and effects may vary by NHL subtype. Pooled analyses of results from case-control studies suggest increased risk of diffuse large B-cell lymphoma with obesity (5, 6) , increased risk of follicular lymphoma with cigarette smoking (7) , and decreased risk of all types of NHL with alcohol consumption (8) . Few cohort studies have examined lifestyle factors and NHL risk; results from these studies are conflicting, and some are inconsistent with those from case-control studies. Specifically, some prospective studies have suggested that body mass index (weight (kg)/height (m) 2 ) affects NHL risk in women and men (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) , whereas others have shown no association (19) (20) (21) (22) (23) . Cohort studies have not identified an association between smoking status and the risk of NHL overall (24) (25) (26) (27) (28) , yet some studies have shown an increased risk of follicular lymphoma (24, 25) , whereas others observed an inverse association with follicular lymphoma or no association (26, 28) . The few cohort studies that have examined alcohol and NHL risk have all shown an inverse association, with conflicting evidence for the effect of alcoholic beverage type (28) (29) (30) (31) .
Prospective studies of lifestyle factors and NHL have provided conflicting results and have lacked either an adequate sample size or the histologic information required for examining NHL subtype. Therefore, we evaluated the associations between anthropometric factors, smoking, and alcohol consumption and incident NHL and major NHL subtypes in a population-based cohort of older US men and women.
MATERIALS AND METHODS

Study population
The study population for this analysis was derived from the National Cancer Institute's Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial, which has been described previously (32) . Briefly, 154,910 men and women aged 55-74 years with no prior history of the cancers under study were enrolled during 1993-2001 at 10 centers around the United States in a randomized, controlled trial designed to evaluate the impact of cancer screening on mortality. Participants completed a baseline questionnaire that assessed demographic information and self-reported anthropometric factors and tobacco use. Beginning in 1998, data on alcohol consumption were collected with other dietary data on a food frequency questionnaire (validated via 24-hour recall) from control-arm participants at baseline and from intervention-arm participants during their fourth year of participation. Both questionnaires were selfadministered and returned by mail, self-administered in person; or administered by telephone. Starting in 2006, anthropometric factors and smoking behavior were reassessed on a supplemental questionnaire that was returned by mail (32, 33) . Follow-up in the PLCO Trial is ongoing.
Of the 154,910 PLCO participants, 149,984 (96.8%) completed the baseline questionnaire. After excluding 6,789 subjects with a history of previous cancer, 99 subjects diagnosed with cancer prior to completing the questionnaire, and 114 subjects with invalid follow-up time (e.g., the start date followed the stop date), we included 142,982 participants (70,905 women and 72,077 men) in our smoking and anthropometry analyses. A total of 116,736 PLCO participants (75.4%) completed the dietary history questionnaire. After excluding 5,221 subjects with invalid questionnaires (e.g., incomplete data or data outside of expected ranges), 4,885 subjects with a history of previous cancer, 4,741 subjects diagnosed with cancer prior to completing the questionnaire, and 76 subjects with invalid follow-up time, we included 101,813 participants (52,280 women and 49,533 men) in our alcohol analyses. Nonmelanoma skin cancer was excluded when considering participants' cancer history.
For participants who provided responses on both the baseline and supplemental questionnaires, we evaluated changes over time in current body mass index (n ¼ 91,937), height (n ¼ 93,766), weight (n ¼ 93,894), and smoking status (n ¼ 90,543). The mean time between completion of the questionnaires was 9.1 years.
The National Cancer Institute's institutional review board approved the PLCO Trial protocol.
Follow-up and case ascertainment
We followed participants from the date of completion of the baseline or dietary history questionnaire to the earliest of the following: diagnosis with any NHL or any other first primary cancer (excluding in-situ disease and nonmelanoma skin cancer), death, loss to follow-up, or the end of the study period (December 31, 2006) . Deaths in the PLCO Trial are ascertained by means of annual questionnaires as well as through linkage with state vital statistics and the National Death Index (32, 33) . We considered subjects lost to followup at the date of last contact if they were not known to be deceased and were unresponsive to the most recent attempts at contact.
Cancer cases in the PLCO Trial are identified through annually mailed follow-up questionnaires and telephone calls and are confirmed by medical record review at the screening centers. Histologic type is recorded by a certified tumor registrar at each screening center on the basis of collected medical records and pathology reports using the International Classification of Diseases for Oncology (32) . We defined a case as any first primary NHL diagnosed prior to censoring, death, or withdrawal from the study. We defined NHL subtypes using International Classification of Diseases for Oncology codes specified by the World Health Organization-based classification of lymphoid neoplasms recommended by the Pathology Working Group of the International Lymphoma Epidemiology Consortium (34, 35) .
Exposure data
Anthropometric factors. Baseline height (in feet and inches) and weight (in pounds) at ages 20 and 50 years and at baseline were solicited on the baseline questionnaire and converted to centimeters and kilograms, respectively, for analysis and for calculation of body mass index at each age. Quartiles of height, weight (at each age), and body mass index (at each age) were created separately for men and women. Body mass index was also analyzed according to World Health Organization categories (<18.5, 18.5-24.9, 25-29.9, and 30). We also analyzed the effects of lifetime weight change by examining weight change in 10-year increments from age 20 years to baseline. We conducted analyses in the total population (adjusted for sex) and for each sex separately to evaluate potential sex-specific effects on disease risk.
Smoking. Smokers were defined as participants with a minimum 6-month regular smoking history, as reported on the baseline questionnaire. Additional data on age at which participants started smoking, current smoking status, age at which participants stopped smoking, and usual number of cigarettes smoked per day (1-10, 11-20, 21-30, 31-40, 41-60, 61-80, or 81) were solicited. We computed cumulative lifetime exposure to cigarette smoking (packyears) on the basis of reported data on packs of cigarettes smoked per day (midpoint of the categories listed above) and years of smoking.
Alcohol consumption. Data on alcohol consumption were solicited on the PLCO dietary history questionnaire by first asking whether participants had consumed beer, wine/wine coolers, or liquor during the preceding 12-month period. If so, data on frequency and usual serving size (small, medium, or large) were solicited for each beverage type. Data on beer consumption were solicited separately for the summer months versus the remainder of the year. Serving sizes were defined for each beverage type as <1, 1-3, or >3 12-ounce (355-mL) cans for beer; <5 ounces (<148 mL) or <1 glass, 5-12 ounces (148-355 mL) or 2 glasses, or >12 ounces (>355 mL) or >2 glasses for wine or wine coolers; and <1, 1-3, or >3 shots for liquor. Daily alcohol consumption (grams of each beverage) was converted to number of drinks per week using standardized sex-and beverage-specific gram equivalents for the usual serving sizes (see Web Table 1 , which is posted on the Journal's Web site (http://aje.oxfordjournals.org/)). Total ethanol consumption (g/week) was calculated for each beverage type, defining 1 drink as a 12-ounce (355-mL) beer containing 12.8 g of ethanol, a 4-ounce (118-ml) glass of wine containing 11 g of ethanol, or a 1.5-ounce (44-mL) serving of liquor containing 14 g of ethanol.
We analyzed the effect of alcohol consumption on NHL risk according to total number of drinks per week and total grams of ethanol consumed per week. We also evaluated effects of specific alcoholic beverages by analyzing separately the numbers of drinks of beer, wine, and liquor consumed per week. Nondrinkers were defined as participants who consumed less than 1 drink per month. Light drinkers (<1 drink or <11.8 g of ethanol per week) were used as the referent group for all categorical analyses.
Statistical analyses
Cox proportional hazards regression modeling was used to estimate the risks of developing NHL overall and of the major NHL subtypes (diffuse large B-cell lymphoma, follicular lymphoma, CLL/SLL, and plasma cell neoplasms) associated with anthropometric characteristics, smoking, and alcohol consumption. When analyzing a single NHL subtype, other subtypes were censored. Models were adjusted for age (continuous), race/ethnicity (non-Hispanic white vs. other/unknown), sex, and education (high school or less, post-high school training or some college, and college graduation or postgraduate study). Additional adjustment for several dietary factors (total energy intake (kcal/day); g/day of fat, meat, and red meat; and pyramid servings/day of total fruit, citrus fruit/melon/berries, other types of fruit, all vegetables, and green vegetables), as well as mutual adjustment for the 3 lifestyle factors, did not materially (>10%) alter the results; therefore, those factors were excluded from the final models. To evaluate the consistency of the smoking risk estimates in different demographic groups, we also conducted analyses stratified by sex, age, and education.
The proportional hazards assumption was verified graphically for all independent variables. We conducted sensitivity analyses after excluding the first year of follow-up to eliminate possible subclinical prevalent disease at baseline. Tests for linear trend were conducted using continuous variables in the Cox regression models, including all participants for anthropometric characteristics, smokers only for smoking exposure variables, and drinkers only for alcohol consumption variables. All statistical tests were 2-sided.
All analyses were conducted using SAS, version 9.1.3 (SAS Institute, Cary, North Carolina).
RESULTS
During 1,201,074 person-years of follow-up (median, 8.8 years per person) accrued through December 31, 2006, 1,264 histologically confirmed cases of first primary NHL were diagnosed among 70,905 women and 72,077 men (age-adjusted incidence rate using 2000 US standard population: 16.6/100,000 person-years) ( Table 1 ). The most common NHL subtype was CLL/SLL (30.2%), followed by plasma cell neoplasms (19.2%), diffuse large B-cell lymphoma (17.0%), and follicular lymphoma (12.8%). A similar distribution was observed in the subset of cases (n ¼ 700) available for the alcohol analysis. The median age at diagnosis for all NHL cases was 64 years.
Risk was increased at older ages for NHL and the NHL subtypes and was significantly higher among males compared with females for NHL overall (hazard ratio (HR) ¼ 1.44, 95% confidence interval (CI): 1.28, 1.61) and for all subtypes except follicular lymphoma ( Table 2) . Abbreviations: CLL, chronic lymphocytic leukemia; NHL, nonHodgkin lymphoma; SLL, small lymphocytic lymphoma.
a Lymphoid neoplasms were classified according the World Health Organization-based system published by the International Lymphoma Epidemiology Consortium (35). 
Anthropometric factors
Analysis of men and women combined showed increasing body mass index at baseline to be positively associated with NHL overall (P trend < 0.01) ( (Table 3 and Web Tables 2-4 ) was moderately associated with risk of NHL overall (gain of 4.1-6 kg every 10 years: HR ¼ 1.30, 95% CI: 1.11, 1.54), although no linear trend was detected. Similar results were observed for weight change from age 20 years to age 50 years and from age 50 years to baseline (data not shown). In analyses by NHL subtype, risk estimates for all anthropometric measures were generally higher for diffuse large B-cell lymphoma and plasma cell neoplasms than for follicular lymphoma and CLL/SLL. Anthropometric characteristics at ages 20 and 50 years (Table 3 and Web Table 5 ) showed similar effects on the risk of NHL and its subtypes compared with baseline, with neither body mass index nor weight emerging as the dominant influence on risk. Analyses by sex (Web Tables 2 and 3) showed that greater height was a risk factor only in men (top quartile vs. bottom: for men, HR ¼ 1.46, 95% CI: 1.13, 1.88; for women, HR ¼ 1.00, 95% CI: 0.79, 1.25; P for difference ¼ 0.04). Risk estimates for body mass index and weight at each age were also slightly higher among men than among women, but these differences were not significant (Web Tables 2 and 3) .
Results were similar after exclusion of the first year of follow-up (data not shown), and anthropometric characteristics were consistent in the PLCO cohort during the study period, with 69.8% of participants reporting the same World Health Organization category of body mass index upon reassessment that they reported at baseline.
Smoking
Risk of NHL overall and most NHL subtypes was not associated with cigarette smoking as measured by current Hazard ratio from a Cox proportional hazards regression model. Hazard ratios were not calculated where the sample size was less than 5. Hazard ratios and 95% confidence intervals were adjusted for age (continuous), sex, race/ethnicity, and education. Change in weight per 10 years was also adjusted for BMI at age 20 years (continuous). Mutual adjustment for smoking and alcohol consumption did not alter risk estimates by more than 10%; therefore, these factors were excluded from the final models. smoking status, years since quitting smoking, age at starting smoking, duration, intensity (packs/day), and cumulative lifetime smoking (pack-years), and no significant trends were observed for any of these measures of smoking behavior (Table 4) . Cigarette smoking was inversely associated with follicular lymphoma (ever smoking vs. never smoking: HR ¼ 0.62, 95% CI: 0.45, 0.85), but there was no clear pattern by intensity, duration, or cumulative lifetime exposure. The inverse association between smoking and follicular lymphoma persisted in analyses stratified by sex, age category, and level of education and after controlling for body mass index, drinking status, total number of drinks per week, grams of ethanol consumed per week, and several dietary factors (data not shown).
Results were similar after exclusion of the first year of follow-up (data not shown), and smoking behavior remained consistent in the PLCO cohort over time, with 92.7% of participants reporting the same smoking status upon reassessment that they reported at baseline.
Alcohol consumption
Among subjects who completed the dietary history questionnaire, 700 NHL cases were diagnosed during 596,280 person-years of follow-up (median, 6.4 years per person) ( Table 5 ). Alcohol consumption was not significantly associated with the risk of NHL overall in the PLCO cohort as measured by total number of drinks per week or grams of ethanol consumed per week. Analysis of NHL subtypes showed a significant inverse association between alcohol consumption and diffuse large B-cell lymphoma as measured by total number of drinks per week (P trend ¼ 0.016) and grams of ethanol consumed per week (P trend ¼ 0.017). However, risk of diffuse large B-cell lymphoma was not elevated among nondrinkers in comparison with light drinkers, and estimates were based on a small number of cases. Risk estimates for NHL overall and NHL subtypes did not vary according to alcoholic beverage type or sex. Results were similar after controlling for smoking status and dietary risk factors and after excluding the first year of follow-up (data not shown).
DISCUSSION
In this large, population-based prospective cohort study of older adults, enlarged body size, as measured by body mass index, height, and weight, was associated with elevated risk of NHL, with height being a risk factor only in men. Smoking was not related to NHL overall but was inversely associated with follicular lymphoma, and alcohol consumption was unrelated to NHL risk.
Our study adds to existing evidence suggesting that increased body mass index is modestly associated with elevated NHL risk (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Our observation of increased risk of NHL with greater height also agrees with prior reports (13, 14, 18, 23, 28, 36) . Anthropometry-related risk of NHL is not consistent in the literature, however. Several prior studies have shown no association of body mass index (19) (20) (21) (22) (23) or height (12, 19) with NHL, and to our knowledge only 1 Hazard ratio from a Cox proportional hazards regression model. All hazard ratios and 95% confidence intervals were adjusted for age (continuous), sex, race/ethnicity, and education.
Mutual adjustment for anthropometric characteristics and alcohol consumption did not alter risk estimates by more than 10%; therefore, these factors were excluded from the final models.
c a Numbers of cases may not sum to totals because of missing values for some independent variables. b Hazard ratio from a Cox proportional hazards regression model. All hazard ratios and 95% confidence intervals were adjusted for age (continuous), sex, race/ethnicity, and education. Hazard ratios were not calculated where the sample size was less than 5. Mutual adjustment for anthropometric characteristics and smoking did not alter risk estimates by more than 10%; therefore, these factors were excluded from the final models.
c P trend value from an adjusted test for trend performed using a Cox model and a continuous independent variable. P trend was calculated among drinkers only for total drinks per week and among only drinkers of each type of beverage for beer, wine, and liquor. other study has shown increased risk of NHL associated with higher weight (18) . Results of our sex-specific analyses of body mass index and NHL risk were consistent with those of prior studies, showing slightly higher risk among men than among women (17), although our male-specific height finding contradicts the strong height-related risk detected in a large all-female cohort (18) . Our nonsignificant findings for lifetime weight change were similar to those reported previously (14, 23) . Results of our analyses by NHL subtype were consistent with those of prior studies, with somewhat higher risks for diffuse large B-cell lymphoma and plasma cell neoplasms as compared with CLL/SLL and follicular lymphoma (12) (13) (14) (15) 21) .
Several plausible mechanisms exist through which enlarged body size might increase NHL risk. Greater height may be an indicator of childhood nutrition patterns that could indirectly affect NHL risk-for example, by altering the likelihood of childhood infection (37) . Alternatively, elevated body mass index and weight may be markers for certain dietary patterns, insulin resistance, inflammation, and lower levels of physical activity that may influence cancer risk (38) . Future studies of anthropometric factors and NHL would benefit from assessing these parameters in conjunction with weight and height.
Our observation that smoking was unrelated to the risk of NHL overall is consistent with prior case-control (7) and cohort (24) (25) (26) (27) (28) studies. The inverse association we noted between smoking and follicular lymphoma was unexpected, however. Case-control (7) and some cohort (24, 25) studies have shown smoking to be associated with an increased risk of follicular lymphoma, although at least 1 cohort study showed no association between smoking and follicular lymphoma (26) and 1 found an inverse association (28) similar to our observation in the PLCO Trial. Our failure to detect a dose-response with intensity, duration, or cumulative lifetime exposure to cigarette smoking suggests confounding rather than a true protective association. However, the inverse association we observed between smoking and follicular lymphoma persisted after we accounted for alcohol, body mass index, and dietary factors that might lower the risk of NHL or its subtypes. Other sources of confounding that we were unable to control for may include immunitymodulating comorbid conditions, such as atopy, that have been shown to be protective against follicular lymphoma (39) . Although it is likely that the inverse association between follicular lymphoma and smoking was due to chance or unmeasured confounding, the subtype specificity and the consistency with another study of older US adults (28) suggests that additional research in prospective studies is warranted.
We did not observe any significant association between total alcohol consumption and risk of NHL overall in the PLCO cohort, nor did we observe any association between beverage type and NHL risk, even after controlling for smoking status and dietary factors. Because of the unusually large number of nondrinkers in the PLCO cohort, we were able to separate nondrinkers (<1 drink/month) from light drinkers (<1 drink/week). Under the hypothesis that alcohol is inversely associated with NHL risk, we expected to observe increased risk among nondrinkers as compared with light drinkers and progressively decreasing risk as consumption increased. Although our risk estimates were generally less than 1 for participants who consumed the highest amounts of alcohol, we did not observe any significant associations for NHL overall, and the inverse association we observed for diffuse large B-cell lymphoma was based on few cases. Our overall null results cannot rule out the hypothesis that the inverse association observed in casecontrol studies (8) is part of a prodrome in which patients reduce or eliminate alcohol consumption prior to diagnosis. However, several other large cohorts with similar levels of alcohol consumption have shown an inverse association between alcohol and NHL risk (28) (29) (30) . In addition, high levels of alcohol consumption (300 g/week) were associated with significantly decreased risk of NHL in a Japanese cohort (31) . However, similar to our observation in the PLCO Trial, risk among nondrinkers in the Japanese cohort was not elevated relative to light drinkers. Decreased risk of NHL associated with alcohol consumption is supported by evidence that alcohol modulates the immune system (40) and retards the growth of malignant lymphoid cells via inhibition of the mammalian target of rapamycin (mTOR) (41) . In light of such evidence, in future studies of alcohol use and NHL risk, investigators should combine data on drinking behavior with biologic measures of exposure that may affect alcohol-related NHL risk.
The strengths of our study include its prospective design; the availability of a large number of histologically confirmed incident cases, which enabled us to analyze risks by NHL subtype; data on anthropometric factors at different ages; our ability to examine nondrinkers versus light drinkers; the length of follow-up; the consistency of anthropometric and smoking exposures in the PLCO cohort over time; and the similarity of NHL risk patterns in the PLCO cohort with the broader population of white, non-Hispanic US adults. However, our failure to observe a dominant effect of body mass index, height, or weight may have been due to underestimation of body size in self-reports, which could have attenuated risk estimates (42) . Our findings of decreased risk of follicular lymphoma among smokers and no association between NHL and alcohol consumption may have resulted from residual confounding. In addition, we performed many statistical tests, and thus some findings could have been due to chance; and we did not have data on some potential confounders such as physical activity.
In summary, anthropometric factors were modestly associated with increased risk of NHL in the PLCO cohort and were slightly stronger predictors of risk in men than in women; no clear association was observed between smoking and NHL; and alcohol consumption appeared unrelated to NHL. Our data support previous studies suggesting that body mass index is associated with NHL risk. Future studies of anthropometric factors and NHL that incorporate measurement of biomarkers are essential to help elucidate potential causal mechanisms. The protective effect of smoking on follicular lymphoma has been observed previously but may have been due to residual confounding, so additional prospective studies are warranted to clarify the association between smoking and follicular lymphoma. Finally, although our findings for alcohol consumption argue against a biologic association with NHL risk, future laboratory research into the action of alcohol on the immune system may identify genetic or other biologic risk factors that could be measured in epidemiologic investigations of alcohol use and NHL risk.
